Introduction
Geochemical studies of recent processes are essential in evaluating historical environmental changes that have been taking place since the beginning of the twentieth century. Since the 1980's environmental management and in turn, its control has become more rigid due to the recent anthropogenic impacts. Within the international debate over the results and efficiency of the implementation of needed actions, studies on geochemical processes have played an important role in evaluating degradation on relevant time scale. As environmental alterations may be registered in the substrate of estuarine sediments, changes in grain size as well as heavy metal concentration in sediment cores may be used to evaluate human impact in estuaries. 1 Dating sediments through 210 Pb (half life = 22.3 years) allow calculating sedimentation rates for ca. 100 years. A list of chemical properties of the radionuclide 210 Pb and of its parent in decay series of 238 U favors its use in the application in recent sediment cycles. 2 It has been successfully used in lakes [3] [4] [5] [6] [7] estuaries, 7-12 inner continental plataforms [13] [14] [15] and mangrove ecosystems. 15-19 210 Pb geochronologies are especially significant when confirmed by anthropogenic signatures in sediment profiles. From the beginning of the second half of the twentieth century, when industrial and urban development were intensified, various ecosystems Vol. 22, No. 1, 2011 along the Brazilian coast have been highly impacted. These alterations have been registered within the profile of wellpreserved sediments.
This work attempts to evaluate historical impacts of human activity along the south-southeastern coast of Brazil. The principal aim is to correlate the anthropogenic effects registered in the sediments of three ecosystems: Guarapina Lagoon and Marambaia Sound, Rio de Janeiro State and Guaratuba Bay, Paraná State. To achieve this objective, changes in grain size, organic material and metal concentrations as well as rates of sedimentation using 210 Pb techniques were determined in sediment columns.
Study area
The three ecosystems in this study have been suffering different levels of human induced alterations since the second half of the twentieth century. Figure S1 , A, Supplementary Information, SI), showed little anthropogenic impact. In the 1950's, the state government opened a channel connecting the lagoon to the Atlantic Ocean. This channel was built to allow ocean water to circulate, avoiding health risks associated with malaria; (B) Marambaia Sound, located on the west coast of Rio de Janeiro in Sepetiba Bay (23º 02'W and 23º 04'S) ( Figure S1 , C, SI), is situated on the southern coast of Rio de Janeiro State. This area has been struck with significant alterations during previous few decades, such as industrial development, establishment of ports, and a sharp population increase. At the same time, the drainage basin that feeds fresh water to the bay has also been beset with modifications associated with human development. Because of these reasons, Marambaia Sound can be considered the most impacted by anthropogenic activities of the three ecosystems mentioned. (C) Guaratuba Bay, located in southern coast of Paraná State (25º 50'S, 48º 28'W) ( Figure S1 , C, SI), anthropogenic signatures were detected. The source of this impact may come from the development of agricultural activities and hydrological modifications within the drainage basin, such as dam construction.
Experimental
Sediment cores were collected, one in the center of Guarapina Lagoon, another in the interior of Guaratuba Bay and a third in Marambaia Sound ( Figure S1 , SI). Acrylic tubes, 50 cm in length and 7 cm internal diameter were used. The sediment core from Guarapina Lagoon was sliced in 1 cm until 2 cm and 2 cm intervals until 30 cm. The core from Guaratuba Bay was sectioned in 2 cm intervals until the 10 cm mark, 3 cm intervals until 25 cm mark and 5 cm intervals for the rest of the core. For the Marambaia Sound core, the same procedure was used until the 6 cm mark, from 6 until 15 cm the intervals were 3 cm and 5 cm from 15 to 30. Grain-size determination was carried out in all samples as well as organic material and carbonate percentages. 20 After sectioned, samples were placed in plastic bags, taken to the laboratory, homogenized, weighed and placed in Petri dishes for 3 weeks to attain secular equilibrium. Radionuclide activity was determined using a Canberra coaxil detector "extended range'' hyperpure Ge (40% efficiency). This detector was coupled to a multichannel analyzer with counting times that were between 60.000 and 120.000 s for all samples. The resolution for the equipment was 1.68 to 122.09 keV and 2.1 to 1.33 meV. Detection limit calculated by the detectors software was 0.03 Bq kg -1 . Counting errors for the peak area of the 295.2 keV varied between 9.6 and 22.6%, 351.9 keV varied 5.5 between 13.5%. Counting errors for the 351.9 keV peak were substantially less and therefore were used to determine 226 Ra. Counting errors for the 46.5 keV peak varied between 6.6 and 24.5%, used to determine 210 Pb. An efficiency curve was obtained by measuring and analyzing a certified standard cocktail of radionuclides certified Pb with a known activity (specific activity = 1.5 Bq), first over an empty container then over each sample. These measurements were done for 2 min. 21 Each sample contained a self-absorption factor that was incorporated in the final tally of the total 210 Pb. Samples were then dried at 60 o C until a constant weight was reached. Porosity was calculated with the method outlined in Baskaran and Naidu. 22 To validate the 210 Pb sediment dating method, different analyses were performed according to specific anthropogenic occurrences in areas examined. Granulometric measurements (through wet sieving) and organic material (LOI), the difference between weight before combustion and after combustion at 450 o C for 24 h, were measured in all sediment cores.
As for the Marambaia Sound, sample analyses of Zn, Cd and Cu were performed. For metal extraction, approximately 1 to 2 g of dried sediment were ground in an agith mortal and pestle. The addition of fluoric and nitric acid, 3:1 respectively, was used for extraction. Samples were then recuperated with HNO 3 and made up to 25 mL in volumetric bottle. The extracts were then taken to a Perkin Elmer, model Analist 300, atomic absorption spectrometer for analyses. Replicates were analyzed for quality assurance. Error bars represent the standard deviation. For the Guaratuba Bay samples, Hg concentration was measured. These concentrations were measured by taking 1.0 g of dry (50 ºC for 48 h), ground sediment from each sample. Digestion was done using aqua regia 50% on a sand bath at 70 ºC for 1 h. Total Hg was analyzed by cold vapor atomic absorption spectrometry (Bacharach Coleman, model 50D). 23 The limit of detection (3 times the standard deviation of the standards) was 4 ng g -1 . The error was calibrated with reference sediments PACS-2 and NIST SEM-2794, which resulted in the recuperation of 83 ± 6% and 96 ± 10%, respectively.
Results and Discussion

Guarapina Lagoon
The sedimentation rate was calculated to be 1.4 ± 0.27 mm/year through the excess 210 Pb method (Table 1) , after a mixed layer and backgrounds were eliminated ( Figure 1 ). It is also fair to consider sedimentation rates determined by metal contamination 24 of 3.4 mm/year and by nutrient loads 25 of 2.7 mm/year. The latter author mentioned also use of the excess 210 Pb method, through alpha measurements. These differences in rates may be due to spatial factors in the sediment accumulation rate (SAR) that occur within al lagoon-estuarine systems. 26 The percentage of fine-grained sediment (silt and clay) remained relatively high (> 90%), decreasing slightly towards the surface (Figure 2) , while the organic material percentage varied between 15 and 25% ( Figure 3) . The values are similar to those found in other studies of this area. 26 This discussion is made keeping in mind the limitations of evaluating changes inside the mixing layer.
In relation to the organic matter content in the sediment, the opening of the channel that connects the Atlantic Ocean to Guarapina Lagoon was dug out approximately fifty years ago, allowing oxygen rich ocean water to enter the lagoon. Before 1950 Guarapina Lagoon could have been considered a swamp, having low levels of oxygen. With these probably low levels of oxygen, organic material would have decomposed at a lower rate than at the present time. Applying the sedimentation rate found in this study, the first layer with higher organic material concentrations go back approximately 50 years, after the mixed layer is subtracted from the profile (d = 7.5 cm; t = 50 years), giving a sedimentation rate of 1.5 mm/year. This chronology supports the SAR taken with 210 Pb dating. This time period agrees with when the channel was opened, during the 1950's ( Table 2) . 
Marambaia Sound
Sedimentation rates were calculated to be 4.7 ± 0.21 mm/year after a mixed layer and backgrounds were eliminated (Figure 1 ). The fine-grained sediment profile demonstrated an abrupt inclination, going from 25% at the base of the core to more than 90% in the superficial layers ( Figure 2 ). The maximum concentration can be seen at 7.5 cm depth level.
The grain size and metal profiles ( Figure 3 ) registered two distinct events that may be associated to anthropogenic alterations in Sepetiba Bay, reaching Marambaia Sound. Temporal changes in grain-size profile began to become altered when the Marambaia Sound underwent the same increase in mud content observed in other areas of the Sepetiba Bay. 27 According to the sedimentation rate calculated in this core, this change in grain-size profile took place approximately 43 years ago. This date, during the 1960's, coincides with the time period when channels in the drainage were constructed, connecting Sepetiba Bay to the Paraíba do Sul river (Table 2 ). This type of construction is known to cause an increase in fine grain sediment discharge, according to the model developed by Molisani. 28 This higher fine grain sediment flux into the Sepetiba Bay most likely made its way to the Marambaia Sound, as noted sediment profile of this core.
The coastal region of Sepetiba Bay, has been experiencing an exponential population growth, being induced by industrialization and urbanization. [29] [30] [31] [32] [33] Industries established in 1966, produced Zn ingots, until the end of the 1990's. During this time, this industry released significant quantities of Zn and Cd as evidenced in the sediment surrounding the area ( Table 2 ). The peak concentrations of these metals in the cores taken at Marambaia Sound were registered at 7.5 cm (Figure 4 ). This peak concentration can be attributed to the steps that were taken to reduce the amount of contamination caused by the discharge of these 
